A series of commercially viable positive and negative acting chemically amplified resists developed for 193 nm and 248 nm lithographies have been investigated for use in the SCALPEL technology. The investigation focused on determining the compatibility of these materials to the operating conditions and writing strategy of the exposure tool. The resist systems investigated included the deep-UV positive acting chemically amplified resist ARCH produced by Olin Microelectronics Materials (0MM), the negative acting material NEB 22A made available by Sumitomo and a 193 nm sensitive positive tone system being developed by Lucent and OMM. The extent to which these materials exhibited volatilization in the tool during exposure determined there compatibility. Those materials characterized by having a high activation energy for the acid catalyzed deprotection process and use of acid molecules which are stable at temperatures in the 40-50 °C range were viewed as compatible with the SCALPEL exposure system. For the resists investigated the sensitivity @ 100 KV ranged from 10-30 ii C/cm ` . 80-100 nm line and space pattern resolution was routinely observed and process latitude in excess of 20 % for features 0.20 u m was measured.
Introduction
The drive towards minimum circuit pattern dimensions below 0.10 mm has led to the investigation and development of numerous post optical lithographic technologies. These technologies utilize electrons, ions, X-rays and extreme ultraviolet radiation as the exposure source. Two approaches have been developed using electrons as the means of exposure. Direct write electron-beam lithography has been the technology of choice when attempting to minimize the CD of a device or test structure being fabricated. It is, however, not the appropriate technology for volume production of any integrated circuit. The use of an electron-beam as the exposure source in projection systems should provide high throughput coupled with the resolution capability of direct write tools. One such system is termed Scattering with Angular Limitation Projection Electron Lithography (SCALPEL). This system contains features that distinguish it from previous projection electron-beam approaches namely a step and scan writing strategy and a scattering mask. The system operates at 100 KV accelerating voltage and a detailed description of the tool has been reported elsewhere [1] [2] . To meet the high throughput (30 -200 mm wafers/hr.) and resolution (< 0.10 µ m) requirements dictated by potential users of the electron-beam technology, resists in which the radiation induced chemistry is based on chemical amplification (CA) are viewed as the most viable materials. Both positive and negative acting CA resists have been investigated for use in SCALPEL. The key requirement for any material is to be compatible with the operating conditions and exposure writing strategy of the SCALPEL technology. This requires a resist to be stable under high vacuum conditions (10 s Ton) and a rise in substrate temperature resulting from the exposure (-40 °C ). Stability is measured in the form of observing outgassing from the resist film in the tool which can markedly diminish the optimal performance of the SCALPEL or any exposure system. The deep-UV (248 urn) sensitive positive tone resist referred to as ARCH has been extensively evaluated The ARCH formulation which has been made available by Olin Microelctronic Materials (0MM) is a multi-component dissolution inhibition type material which has exhibited high resolution when exposed to direct write electron-beam and x-ray radiation [3] . A second positive working resist being developed for use in 193 nm lithography has also been investigated (FH-994). The material is being jointly developed by Lucent and OMM and has exhibited high resolution and contrast when exposed to 193 nm and dry etching resistance in a chlorine and oxygen plasma is equivalent to that of a novolac based material [4] . The negative tone e-beam material (NEB 22A) made available from Sumitomo Chemicals has been evaluated in the SCALPEL tool with interest of using it for gate level lithography.
Results pertaining to stability under the normal operating conditions of the SCALPEL exposure tool, sensitivity to 100 KV electrons, resolution and process latitude for each of these materials will be addressed in this paper.
Experimental
Resist films of thickness ranging from 0.30 -0.50 ii m were spin coated onto hexamethyldisilazane (HMDS) primed silicon substrates at spin speeds ranging from 1500 -4000 rpm and pre-exposure hot plate baked at temperatures ranging from 105 -150 °C for 1.0 min. The post-applied bake (PAB) conditions for the ARCH resist were 105 -125 °C for 1 min, for the FH-494 resist was 150 °C for 1 min and for the NEB-22A resist was 110 C for 4 min.
Exposures were performed on the SCALPEL proof-of-lithography (POL) tool The system operates at 100 KV accelerating voltage and in a 4 X reduction mode. It employs astep-and-scan writing architecture in which the mask and wafer stages are simultaneously scanned at constant velocities through the lmm x lmm electron beam so that a patterned stripe of the mask is exposed. Subsequent mask stripes are stitched back together at the wafer plane using an electrostatic deflector. Masks which consist of a 1500 A thick silicon nitride membrane supporting patterns of 250 A thick tungsten were used in all SCALPEL exposures [5] .
Exposed resist films were either immediately removed from the exposure tool or allowed to sit for a specified delay time in the environment of the tool or in the clean room prior to the process post-exposure bake (PEB) step. ARCH resist samples were subsequently post-exposure baked on a hot plate at temperatures ranging from 105 -130 °C for 1 .0 min. The samples were immersion developed in 0.13N tetramethyl ammonium hydroxide (TMAH) for 30 sec. FH-994 samples were post-exposure baked at 150 °C for 1 min and developed in 0.26N TMAH for 10 sec. NEB-22A samples were post-exposure baked at 105 °C for 2 min and developed in 0.26N TMAH for 6 min. All samples were rinsed in de-ionized water for 1 -2 min and spin dried. Mask and patterned wafer metrology and evaluation of resist resolution was performed on an Hitachi 4160 scanning electron microscope (SEM).
Results and Discussion
A siurnnary of the performance of the resists evaluated when exposed using the SCALPEL POL tool is given in Table L Results listed indicate that all resists are fully compatible with the operating conditions of the SCALPEL exposure tool.
The formulation of the ARCH resist consists of resin and dissolution inhibitor components containing a "high activation energy" carbonate protecting group and an opium salt as the acid generating species. The resist also contains an amine base additive to limit acid diffusion. The compatibility result further re-enforces the notion that the vacuum environment of the exposure tool serves as a hospitable one in which exposed samples of this type can be maintained without any degradation in the performance.
The measured contrast for the resist has been utilized in the printing of sub-0.10 u m contact holes in 0.50-0.75 u m thick resist Fig. 1) .
The critical dimension linearity (CD) for ARCH over a range of 0.14-0.34 ,u min an isolated and dense pattern array was investigated and the results are summarized in Figure 2 . The resist film thickness in this case was 0.36 ii m and an exposure dose of 12 it C/cm 2 was used. A broader investigation of CD linearity is in progress to determine the extensibility below 0.10 Ii m. The 193 nm resist, FH-994, consists of poly(norbornene-alt-malefic anhydride-co-t-butylacrylate-co-acrylic acid). The resist also contains a dissolution inhibitor system consisting of an oligomeric and a monomeric "cholate based" dissolution inhibitors . The imaging system consists of bis(t-butylphenyl)iodonium I. Photopolym. Sci. Technol., Vol.11, No.3, 1998 nonaflate (PAG) and bis(t-butylphenyl)iodonium cyclamate(photodefinable base). This resist system is a "high activation energy resist" in which carboxylic acid moieties present on the polymer and the dissolution inhibitor system are protected with t-butyl ester groups. These groups have a high activation energy towards acid promoted cleavage to release the "free" carboxylic acid. Deprotection only occurs during the post-exposure bake. An example of the patterning quality of this resist is shown in Figure 3 . The SEM micrograph shows 100 nm lines printed in 0.36 ii m resist.
Preliminary experiments to improve the sensitivity of this resist to 100 KV exposure ( Figure  4) show that ncreasing the PAB, PEB and development times can improve it to 3 -4 ii C/cm from the initial 10 -12 ii C/cm 2 sensitivity. The contrast is still high at 8 with the improved sensitivity. There is an issue of dark-field erosion that must be corrected to begin to take advantage of using this dose range.
The negative chemically amplified resist, NEB-22A, contains a Novolac-based resin and has been formulated specifically for e-beam exposures. This resist has demonstrated good resolution and process latitude. In Figure 5 an SEM micrograph shows the high resolution capability of this resist. In Figure 6 , lmewidth data for a series of coded isolated lines is shown as a function of dose. All isolated lines achieved coded linewidths at approximately the same dose. Recent experiments show that further improvement can be made by manipulation of the PAB and PEB conditions [6] . 4. Conclusion The development and evaluation of commercially available 193-248 nm sensitive chemically amplified resists have provided a path to the identifying materials which are acceptable for use in both direct write and projection electron-beam lithographies. All materials evaluated exhibited high contrast and resolution. The observance of both properties are essential when attempting to insert an advanced lithography technology on to the National Lithography road map.
The compatibility of the resist formulation and the observed radiation induced chemistry during the standard operating conditions of an electron-beam exposure tool has reduced the number of CA resists which can be used in this technology. The high desire of using a commercially available DLIV resist in electron-beam lithography is therefore not a given.
The evaluation of the multi-component resist ARCH resulted in identifying a material having high contrast which provided the ability to simultaneously print bright and dark field images at feature sizes below 150 nm. It is envisioned that the printability of features below 50 nm is possible if the aspect ratio of the resist is scaled appropriately 
